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IHTRODUCTION. 



The investigations of the effect of various forms of 
impellers in a centrifugal pump^ described in this thesis » 
was made at the Pumping Station of the City of Madison in 
the State of Wisconsin for the State University under the 
direction of Professor V. Mead. It is one of the series 
which is "being conducted hy the University with the hope of 
obtaining some valuable information as to the theoretical 
and practical construction of centrifugal pumps of different 
types under various conditions. 



The object of the test was to determine the discharge 
in cubic feet per second^ the loss of head, and the effic- 
iency of a centrifugal pump designed by I!r, J. W. Alvord, 
with different forms of impellers and under various heads 
and velocities. 
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METHOD t 



The method used in the tests is outlined thus» with a 
oertain impeller in the pump, revolving at a fixed speedy 
the vortex head, the head pumped against, and the amount of 
water were measured and recorded* For each speed the dis- 
charge head was varied from the minimum to the maximum. Prom 
these records curves were plotted to show the discharge in 
cuhic feet per second, the loss of head in feet, and the ef- 
ficiency in percent. Eight different impellers were put in 
the pump and thoroughly tested under exactly similar condi- 
tions. 

The pump was designed and built hy Mr, Alvord for deep 
well work. The essential features of it are shown in sec- 
tion on Plate I, page 5. The case and bearings of the pump 
are supported by the large oast iron bracket shown in posi- 
tion on two timbers. The shaft runs into the pump casing 
through a brass stuffing-box. Its vertical thrust is taken 
up by the balls at (A) running on the bearing fastened to 
the bracket. The impeller is secured to the shaft by set 
screws and a lock nut at fB), The case and suction-hood are 
made of bronze. The general dimensions of the pump are as 
follows. 

Outside diameter of impeller 0,66 ft. 
Inside diameter of impeller 0.45 ft. 
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Depth of impeller 0*16 ft. 

Depth of impeller vanes 0.09 ft. 

Diameter of shaft 0.125 ft. 

Diameter of suction-hood at bottom 1.0 ft. 

Diameter of suction-hood under impeller 0.6 ft. 

Diameter of discharge pipe 0.58 ft. 

Diameter of driving pulley 0.66 ft. 

Height of driving pulley 0.875 ft. 

Total height of pump from "bottom of hood 7.0 ft. 

Height of bracket above timbers 5.0 ft. 

Height of impeller above bottom of hood 1.4 ft. 

Height of discharge tube 3.0 ft. 

The entire apparatus except the motor is shown in the 
assembled drawing on Plate II, page 6, The motor, loaned by 
the Northern Electric Co. was of the vertical type, rated at 
50 IC T7, 600 Volts, 50 Amperes, and 900 R. P. H. The eleva- 
tion shows the pump in position over the supply tank (7.25 ft 
X 5 ft. X 3.5 ft.) which was built of brick and lined with 
cement. A wooden dam was placed across the middle of the 
tank to prevent a current which might effect the suction ofi 
the pump. The water was pumped from this tank to a wooden 
tank f8 ft. x 3.6 ft. x 3.125 ft.). In the end of this over 
the supply tank an 18 inch wier was placed at 1.3 ft. above 
the bottom of the tank. At fG) on Plate II, page 6, were 
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fastened two sets of l)affle-l)oards made of strips of pine 
.5 inches x ."75 inches. The effect of these was to hreak up 
the currents made hy the water entering from the discharge 
pipe and thus making it flow o^er the weir at an eren height 
so that a hook gage could he used at place shown on Plate II. 
A water gage was placed across the tank lower than the edge 
of the weir in position shown and a glass gage tuhe extended 
through the side of the tank and up on the outside. This 
gage read the height of the water on the weir direct and was 
used as a check on the hook gage. The pressure or head 
against which the pump was working was regulated hy a valve 
shown on the discharge pipe on Plate II. The way in which 
the vortex or runner head and the discharge head were deter- 
mined can he seen on Plate II, page 6, and on Plate III, 
page 7. Both the runner and discharge heads were measured 
hy three different styles of gages. The runner head was tak- 
en at four points at the circumference of the case at the 
center of the depth of the impeller as shown on Plate II and 
III, and measured hy the pressure gage fA), hy the mercury 
manometer fC), and hy the left tuhe of the water manometer 
fD). The discharge head was taken at four points in the 
horizontal pipe just "between the vertical flange on the pump 
and the first elhow and measured hy a pressure gage (B), by 
the mercury manometer (E), and hy the water manometer fD). 




Digitized by 



Google 



Digitized by 



Googl 



Digitized by 



Google 




Digitized by 



Digitized by 



Google 




of 

cdfoi/e the W<7/vlj/7€.. 



Digitized by 



Google 



Digitized by 



Google 



8. 



DESCRIPTIOI AKD CALIBRATION OF IHSTRUT-TEITTS. 



As was previously stated the piunp was driven by a vert- 
ical motor connected by a leather belt* It was necessary 
that the H P delivered to the pnmp hy this motor he known. 
The method adopted was to determine the electrical H P re- 
quired to run the motor, "belt and pulleys up to speed with 
the pump disconnected at the flange fC) shown on Plate I, 
page 5. Knowing this power we could determine the H P deliv- 
ered to the pump at any time hy subtracting the H P used in 
the motor from the total power delivered to the motor. The 
current was taken from a generator at the Pumping Station and 
the number of amperes and the pressure with which it was 
impressed, measured at the motor. From the formula 



age the speed changes and by substituting the different volt- 
ages and amperes in the above formula the power required to 
Tvn the motor at the different speeds could be determined. 
The observations tabulated on pages 1?>, 13 and 14, were taken 
and the H P calculated. A curve was plotted on Plate IV, 
page 15, with H P as ordinates and volts as abscissa from 
which the power usc^ by the motor and the pulleys can be read 
for any voltage between 350 and 500. 

The amount of water discharged by the pump was determin- 
ed by the use of an 18 inch standard weir and a hook gage. 



Amp X Yolts 
746 



, the H P was determined. By changing the volt- 
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The weir was rectangular in form^ had sharp edges and was 
placed in the end of the upper tank over the supply tank so 
that as the water flowed over the weir it went into the sup- 
ply tank to be repumped. The hook gage was placed 2.1 ft. 
behind the weir in order to get a point where the curve of 
the surface of the water commenced. The gage had en adjust- 
able zero and read direct to the ten- thousandth of a foot. 
To determine the discharge over such a weir when there are a 
certain number of inches of water flowing over its crest, 
Francis derived the following formula, q « 3. 33fb-0. ?.H)H 
in which (q) is the discharge in cubic feet per second, fb) 
is the length of the weir in feet, and fH) is the head on the 
weir in feet. Using this formula the discharge was calculat- 
ed for values of fH) from 0.1 ft. to 1.0 ft. and the results 
were tabulated on page 16. From these results a curve was 
plotted on Plate V, page 17, using values of fH) as ordinates 
and discharge in cubic feet as abscissa, ^ith the use of this 



curve the discharge could be read direct for any head on the 
weir. 

In order to make the results of a test of this kind of 
any value the readings obtained must represent the exact con- 
ditions. If there is no pressure on a gage it should read 
zero and if it does not a correction must be allowed. If at 
' any time the instruments do not represent the exact condi- 
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tions corrections nniBt "be made* To determine whether any 
correction must "be made all the instruments to "be used must 
he compared with a standard instrument of its own kind under 
the conditions which it will he suhjected to during the test. 

The voltmeter used to measure the pressure with which 
the current was impressed on the motor was a Weston Direct 
Reading Meter No. 4450.' To determine the correction which 
had to he made for this meter it was compared with a Direct 
Reading laboratory Voltmeter Uo. 302 at the University Lab- 
oratory. The results of the comparison are tabulated on 
page 18, and a calibration curve from these results is shown 
on Plate VI, page ?>0. The same pressure was impressed across 
both meters smd the readings recorded. The readings of Uo. 
302 had to be multiplied by a constant five. To the differ- 
ence in the readings 1.0 volt had to be added because there 
was a zero index error of 1.0 volt. The curve on Plate VI, 
page 20^ shows nicely the amount that the voltmeter Ho. 4450 
read too high for any voltage up to 500 Volts. 

The ammeter used to measure the current delivered to the 
motor. was a Weston D. C. meter Ho. 6600 and was compared with 
the Millivolt-meter No. 294 to determine its correction. 
The results of the comparison are tabulated on page 19, and 
a calibration curve plotted on Plate VI, page ?.0 ^ with the 
values shown under the table. The values read on the nmmeter 
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were too small and had to te increased "by the amount read on 
the curve* 

Both the pressure gages were Croshy Test Gages* They 
read direct to pounds per square inch and to feet head. The 
one used to measure the runner heed was numher 52P.159 and 
the other was munher 522160* Each gage was tested hy the 
use of the Crosby gage tester in the University Laboratory. 
The results are shown on page P^l^ and the correction on epch 
was so nearly zero that the possible error in reading the 
gage in practice was larger and consequently no correction 
was made. The gages were also tested on the pressure tank 
in the Hydraulic Laboratory and the results were practically 
the seme. 

The revolutions were at first taken with a Shaeffer and 
Budenberg Tachometer JIo. 5267. But the revolutions recorded 
seemed rather high so it was compared with a Starrett Hevo- 
lution Counter. The results were tabulated on page 22, and 
a calibration curve was plotted on Plate VII ^ page 23^ On 
readings taken before July 23, the corrections were made and 
after that date both the instruments were used and their 
readings recorded separately. 
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OBSERVATIONS FOR DETERMINING LCFS of PO^ER 
In MOTOR, BELTING, and PULLEYS. ( Pmp disconnected). 
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VALUES FOR PLOTTIIia. 
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CALIBRATION OF PRESSURE GAGES 21 
BY USIITG CROSBY GAGE TESTED. 
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Crosby Gage Tester 


Pres. Gage 
Readings 


Cor, to^ 
Gage Read. Remarks , 




ft. 


#/in« 


1 ft. 


in ft. 




1. 

5 
10 

15 
20 
25 
30 
35 
40 
45 
50 

2. 1 

5 
10 
15 

20 
25 
30 
40 


Runner Oa 

11.5 

23 1 

34 6 

4G 1 

57 6 

60 1 

80 6 

92 2 
103 7 
115 2 

)is charge 

11,5 

23 1 
34 6 
46 1 
57 6 
69 1 
92 2 


ge. (507 

5.0 
10 
15 

19 8 
24* 9 

29 8 
34 9 
39 9 
44 8 
49 8 

Gage. ( 5 

5.0 

10 
15 

20 
25 

30 
39 8 


Crosby 1 

11.5 

23 
34 5 
45 6 
57 5 

68 7 
80 3 
91 8 

103 
114 6 
Ave, C 

ol: Crosby 

11,5 

23 3 
34 6 
48 3 
57 7 

69 
91 5 

Ave. C 


lest Gage 

+ 0.0 

1 
1 
5 
1 
4 
3 
4 
7 
s 
-or. C 3 

' Test Gag 

0.0 

2 

2 
1 
1 
7 

or. 2 


No. 522159). 

(jofe^ jk/ ^ as 
/teetr as pcss/Sh. 
June 30-OS. 

e No. 522160). 
Gage seffe Oas 

June 



Gsges retested Aug. 3th, 1905 snd were found to 
check with sbove as close ss could be read. 



Digitized by 



Digitized by 



Google 



CAI.IBT?ATI01: OP 2?, 
SCHAEP?ER AFT) n'/P^rBrP-G 1 kOhCllT.^""^. Y.O. 5PG7 
T,Y COMPARISON ^ITII STARRETT REVOLUTIO!' COUITTER. 
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Calibration Curve plotted on page 23. 
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DSSCHIPTION OF IMPELLERS. 



As stated "before eight Impellers were^placed in the 
piunp and each put under the same test. They will he describ- 
ed and spoken of as first, Alvord's Special Impeller, and the 
succeeding ones hy Nos. I, II, III, IV, V, VI, and VII. 

The Alvord impeller designed hy ISr. Alvord was the first 
to he tried. It had three vanes of heliacal shape which 
raised the water like a screw. The water was drawn into the 
vanes from the inside and thrown from the outer rim of the 
impeller up and against the case. The entire wheel was of 
hrass and the vanes were left rough, ^he diameter of the 
hottom of the vanes was 5.375 inches and at the top 10 inch- 
es. 

The impellers numhered were designed hy Professor 
!)• W. Mead. They take up the water from the center and throw 
it through the wheel radially and against the side of the 
case. They are made of hrass in three parts, a top cover 
plate, a set of vanes, and a hottom cover plate. The outside 
and inside diameters and tho height of the vanes are the same 
in each wheel and measure 0.66 ft., 0.45 ft., and 0.093 re- 
spectively. The vanes are all curved and their- edges are per 
pendicular to the cover plates. The general form can he seen 
on Plate VIII, page 25. TTo. 5 shows the top cover and TTo. 6 
the hottom cover toward the front. 
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Impeller ;:To. 1, shown on Plate IX, pag^ 27, has six Van- 
es so designed as to make the area between the vanes constant 
from the inside of the impeller to the outside. 

Impeller ^o. 2, Plate IX, has six vanes so designed that 
the area between the vanes increases from the inside to the 
outside. 

Impeller ^o. 3, Plate X, page 28, has twelve vanes and • 
constant area* 

Impeller No. 4, Plate X, page 28, has twelve vanes and 
increasing area. 

Impeller ]To. 5, Plate XI, page 29, has twenty-four vanes 
and constant area. 

Impeller Ho. 6, Plate XI, page 29, has twenty- four vanes 
and increasing area. 

Impeller No. 7, Plate XII, page 29ft, has four vanes and 
constant area. 

The last impeller is shown half size and the shape of 
the vanes is shown through the cover plate in the plan* 
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^/Z Size . 
P/cffe. X//. 
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OBSSKVED r.ATA. 



All the Instruments used in the tests have been noted. 
After the pump was started and was running normally, the 
following readings were taken and recorded in the form shown 
on page 46, at certain intervals, usually five minutes, for 
various, lengths of time. Each time the speed of the motor 
was varied, or a different impeller placed in the pump, a 
new set of readings was started. The readings are, taking 
the columns on page consecutively from left to right: 
1* Time of the day in hours and minutes • 
Z. devolutions per minute made by the pump shaft* 
. 3. Volts impressed across the terminals of the motor* 
4, Current in Amperes delivered to motor* 
5* Head on the weir in ten-thousandths of a foot, meas- 
ured "by the hook gage. In the heading of this column there 
is a typographical error in the third word. The "e" and ^i" 
are transposed. The word should read "weir" instead of "wier? 

6. T^unner head in feot read on gage (A). 

7. Runner head in feet read on H^^O manometer (VA . 

8. Inches of mercury on the left hand tube of the run- 
ner Eg manometer, fc). 

9. Inches of mercury on the right hand tube of the run- 
ner Hg manometer (C). 
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10. Discharge head in feet read on the Crosby Pressure 
gage (B). 

11. Discharge head in feet read on the Hj^O manometer. 

12. Inches of mercury on the left hand tuhe of the dis- 
charge manometer fs). 

13. Inches of mercury on the right hand tuhe of the 
discharge manometer fs)'. 

14. Difference "between the right and left hand columns 
of the water gage (d). 

15. Reference numbers carried to summary sheets. 

16. Remarks of conditions at time of readings. In re- 
cording the correction to the weir in this column an error 
^as made in spelling due to the typographical error in the 
fifth column. 
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SmcaHY DATA. 



In order to detennine the discharge, the loss of head, 
and the efficiency of the pump for each impeller, all the 
oTDserved data of that impeller at each speed and head was 
averaged and this average recorded on a summary sheet as 
shown on page 55. From the data of these sheets the required 
results were calculated and recorded in columns TIos. 19, 17, 
and 21, 

The summary sheet of each impeller contains all the data 
obtained from averaging and correcting the observed data. The 
results tabulated in the columns are as follows: 

1. The date and time of each set of readings* 

2. The average revolutions per minute of the impeller 
shaft for time recorded in column 1. 

3* Correction of column 2 acnording to curve on Plate 
VII, page 23. 

4. The average of observed volts impressed across the 
motor. 

5. The average of observed amperes delivered to motor. 

6. Correction of column 4 according to curve on Plate 
VI, page 20. 

7. Correction of coliunn 5 according to the curve on 
P^ate VI, page 20. 
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8. The indicated H P delivered to the motor as oalcn- 

. . , « ^ 4.V -p^ T Volts Z Amperes 

lated from the formula — • ^ . 

746 

9. The H P lost in speeding up the motor, "belts and 
pulleys taken from Plate IV, page 15. 

10. The H P delivered to pump whioh is obtained "by sub- 
tracting H P lost "by motor from H P delivered to motor. 

11. The average of observed heights of the runner head 
on the pressure gage fA), Plate III, page 7^ plus 1*8 ft., 
which must be addled because the center of the gage is 1.8 ft. 
above the water line. 

1?>. The average of the observed heights of the runner 
head on the left column of the H^O gage, Plate III, plus 3.3 
ft. 

13. The heights of the runner head calculated by the 
formula, H » (13.6 x X) + y + w 3.4 ft., where fl3.6) is 
the specific density of mercury, fX) is the difference in 
the height of the two mercury columns of gage fc), Plate III, 
fy] is the height of the left hand coliunn above the zero of 
the gage, fw) is the amount of water on the right hand mer- 
cury column, and f3.4 ft.) is the distance that the zero of 
the gage is above the water level in the supply tank. 

14. Average of observed heights of discharge head on 
the pressure gage (B) plus 2.7 ft. 

15. Averf:ge of observed heights of discharge head on 
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the E^p gage (d1 , Plate III, page 7, plus 3.3 ft. 

16* Height of the discharge head calculated from the 
formula, H « fl3*6 x X) y + w + 3.4 ft., where the values 
are the same as in formula for column 13. 

17. The head lost in the pump "between the place where 
the runner head and the dischagre head are measured. It is 
found hy subtracting column 14 from column 11, 15 from 12, 
or 16 from 13. 

18. ^he head on the weir is the average of the observed 
readings plus the zero readings recorded in the Remarks col- 
umns of the observed date sheets. 

19. The discharge in cubic feet per second is read from 
the curve on Plate V, page 17, for the corresponding weir 
head in column 18. 

20. The HP Output is calculated from the formula, H P = 
Q X H X .114, where (q) is the discharge taken from column 
19, fH) is the head taken from column 18, and f.ll4l is the 
constant multiplier. 

21. The efficiency of the pump in per cent obtained 

from the equation. ?.ff. = H P output ^ 

H P delivered to pump 

22. The reference numbers to the different sets on the 
observed data sheets. 
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RESTJLTS. 



The outcome of the tests on the different impellers can 
"be seen "best "by the curves on Plates XIII to XIX inclusive. 
On each plate are plotted the head lost, the efficiency, and 
the discharge in ouhic feet per second for various heads 
pimped against, from the minimum to the maximum^ with speed 
nearly constant. The "black curves, except on Plate XIII, 
page 39, indicate the results obtained at the highest aver- 
age speed at which the impellers were run, the red curves, the 
next, and the green curves, the lowest. The data taken with 
impeller TIo. 6, twenty- four vanes increasing area, were very 
unsatisfactory. The mercury manometers were probably full of 
air, or the belt may have been slipping. The current deliv- 
ered to the motor was not constant at any time during the 
run. The entire data for this impeller were thrown out. 
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CONCLUSIONS. 



From the results of the tests as shown hy the curyes, 
the pump will do the "best work with the AlTord Impeller, 
By an inspection of the chart on page 36^ it will "be seen 
that this impeller has a higher efficiency and a greater 
discharge than any of the others at practically the same 
speed. The maximum head it will keep up is also the great- 
est. 

The other impellers show results which are very much 
alike. In the six vane impellers, TTos. 1 and 2, the two 
types seem to average up very closely, prohably giving the 
increasing area type, No. 2, a little advantage. In the 
others, the increasing area type has a disadvantage, prob- 
ably canned by the eddies forming near the outer end of the 
vanes. This was most notably marked in the impeller lo. 6, 
twenty- four vanes, increasing area, where the discharge and 
the heads were unsteady, due to the water being caught in 
the vanes and carried around instead of being thrown out. 

The results on the whole appear very favorably and will 
compare well with those of other styles of centrifugal pumps, 
^here the water does not contain too much silt or floating 
matter, as small pieces of drift wood, or light slag, the 
pump with the Alvord Impeller would probably serve the best, 
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"but the straight vanes of the six vane, constant area impel- 
ler are less liable to clog and are more easily cleaned out 
in case something does get c«ught in them. The fairly large 
openings between the vanes will allow of considerable for- 
eign matter in the water without affecting the running of 
the pump. This is a good feature in case the piunp .is re- 
quired for mine or filtration work. From the efficiency 
curves on Plate XIV, page 40, it is seen that the efficiency 
is constant for a wide range of speed and a wide range in 
head pumped against. By varying the speed, the pximp could 
be used very economically against heads varying from 15 to 
40 feet. 

When the entire investigation which the TJniversity is 
making at its new Hydraulic Laboratory on centrifugal pumps 
of different styles is completed, a very valuable comparison 
can be made. At that time, the facts disclosed by the part 
of the investigation made at the City Pumping Station, and 
recorded in this thesis, can be further entered into and com- 
pared with those obtained from other styles of pumps. 
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